This paper provides an alternative way of measuring human development that takes explicitly into account the differences in the countries' population structures. The interest of this proposal stems from two complementary elements. First, that there is an enormous diversity in the population structures of those countries analysed in the Human Development Reports, particularly the shares of old people in the population. Second, that demographic characteristics are relevant in the evaluation of development possibilities. We propose to change the way of measuring health, education and material wellbeing, in order to take into account those differences in the population structures. We analyse empirically the effect induced by these changes in the evaluation of human development by comparing this way of measurement with the conventional HDI for 168 countries.
Introduction
The United Nations Human Development Index (HDI) is probably the most successful multidimensional welfare indicator elaborated so far. Its construction, following some of the ideas in Sen (1987) , is relatively simple and intuitive. It starts by selecting three basic dimensions related to human development, health, education, and material wellbeing. Next, there is a choice of variables that associates empirical data to those dimensions. Finally, the measures of the three dimensions so obtained are aggregated as an average. Besides its ability to capture some of the basic traits of human welfare in an easily understandable way, the HDI has shown a relevant relationship with economic growth (e.g. Suri et al. (2011) ).
There has been a vivid discussion on this construct, since its inception in 1990, debating all its features: the number and nature of the selected dimensions, the choice of the variables that approximate those dimensions, and the aggregation procedure. The original HDI was substantially reformulated in 2010 in response to the different critiques and alternative proposals that appeared in the literature. The main changes introduced referred to the way of measuring education, the substitution of the arithmetic mean by the geometric mean as the aggregator function, and the introduction of distributive considerations into the measurement. 1 Needless to say, the new formulation is still subject to criticisms and new alternatives have been proposed (see Seth and Villar (2017a,b) and the references provided there).
The aim of this paper is to enlarge that discussion by opening a way of introducing the demographic structure in the construction of the human development index. We understand that the design of an indicator of development, which is supposed to focus on capabilities rather than on realizations, should take into account the differences in the population structure. The reason is twofold. On the one hand, because the differences in the demographic structure among countries are huge, in particular regarding the shares of young and old people (see the examples in Figure  1 below). On the other hand, because those differences have a bearing on the development capabilities as the population structure clearly affects the capacity of societies to keep or improve their living standards.
The United Nations has shown concern for the effects of demographic changes, in particular regarding population ageing: "Population ageing ... is poised to become one of the most significant social transformations of the twenty-first century, with implications for nearly all sectors of society, including labour and financial markets, the demand for goods and services, such as housing, transportation and social protection, as well as family structures and inter-generational ties." (United Nations (2015) , p. 1). Yet, none of the variables selected to measure the three dimensions of human development, health, education and material wellbeing, take into account the demographic structure. Life expectancy at birth, which is the variable associated with health, is an expected value for the new born, independent on the shares of young and old people in the population. Education is approximated by the arithmetic mean of two different variables: the mean years of schooling (the number of years of education achieved by people aged 25 or more) and the expected years of schooling (the number of years of schooling that a child of school entrance age can expect to receive under the prevailing patterns of age-specific enrollment rates).
There is no reference to the shares of people aged between 6 and 24, on the one hand, and 25 or more, on the other, which are relevant to determine the impact of changes in schooling. Finally, material wellbeing is associated with per capita Gross National Income (GNI), in logs, which is a variable that measures present achievements but again ignores the population structure (in particular the share of the working age population).
Our purpose here is to open a discussion on the need of introducing demographic considerations in the measurement of human development. We do so by proposing a variant of the HDI that takes into account the different population structures. This certainly requires introducing alternative ways of measuring the HDI components, even though we earnestly try to minimise the data requirements for the sake of feasibility. Regarding the health dimension we propose to use the variable life potential (Pinilla and Goerlich (2003) ), which corresponds to the life expectancy of the present population (the average number of life years remaining, so to speak). Concerning education we shall introduce the notion of education potential, which can be regarded as an extension of the idea of life potential to this context. We shall show that this notion can be approximated by a weighted average of MYS and EYS with weights given by the corresponding population shares. Our way of approaching material wellbeing is in terms of the GNI per adult, in logs (see the discussion in Herrero et al. (2010) , though). Using the adult population rather than the total one incorporates in an elementary way the differences in the population structure and has already become a standard reference in the analysis o wealth distribution (see Shorrocks et al. (2015) ). Each of those three variables is normalized as the share of a reference value, in order to get partial indices between zero and one. 2 Finally, the alternative human development index we propose, called Demographically Adjusted Human Development Index (DAHDI, hereafter), is the geometric mean of the three partial indicators.
The rest of the paper is organized as follows. In Section 2 we introduce and justify the new variables we propose. We shall see that substituting life expectancy at birth by life potential is a major change of perspective, while the other changes have a smaller impact. In Section 3, we formally define the Demographically Adjusted Human Development Index we propose. Section 4 presents the main empirical findings and states the similarities and differences between our proposal and the current HDI. A few final comments are gathered in Section 5.
The choice of variables
We assume from the start that human development is associated with the three dimensions included in the HDI, health, education and material wellbeing. One may well argue that other dimensions are needed (e.g. sustainability), but this is not the subject of our discussion. We interpret, though, that human development capabilities are conditioned by the demographics so that any meaningful indicator should take into account this aspect. This approach leads to a choice of the variables associated with those three dimensions that differ from those present in the HDI. We devote this section to present and justify those alternative choices, with the selfimposed restriction of minimising the changes that require additional statistical information.
Health: life potential.
We propose here to change life expectancy at birth by life potential (LEB and LP, respectively, for short). Life potential refers to the average remaining life of a society and thus reflects the average of the life expectancy of the different generations, i.e. this variable discounts that part of the expected life already "used" (see Pinilla and Goerlich (2003) ).
Let us present now the formal definition of life potential and then comment on its meaning and implications. For a given country i and age x ∈ Z + , let n x i denote the number of individuals in the society i with age x, and let n i be the total population (n i = ∞ x=0 n x i ). If e x represents the expected numbers of years a person aged x will still live, the life potential is given by:
The formula makes it clear that life potential takes into account the demographic structure. In contrast, life expectancy at birth simply corresponds to e 0 .
The choice of life potential, rather than life expectancy at birth, is motivated by a consistency requirement regarding the philosophical principles behind the HDI (i.e. focusing on capabilities). To see this note that life expectancy at birth is a variable constructed in such a way that it turns out to be independent on the demographic structure. 3 As a consequence, it typically gives high scores in the health component to those countries with a higher share of old people. This last aspect is most arguable in the context of evaluating development capabilities because it ignores the differences in the working age population and, consequently, in the actual capacity of the labour force. Life potential, on the contrary, indicates the remaining years of life of a representative individual of the society, and therefore, takes into account both life expectancy and the demographic composition.
The difference between both concepts can be illustrated by the following analogy. We can think of life years as the matches in a matchbox. Life expectancy at birth tells us how many matches you get when receiving a new matchbox in a given country, while life potential tells us how many matches you would find in the matchbox held by an average citizen.
It is not difficult to foresee that this change of variable will typically penalise those developed countries with high values of life expectancy at birth but with a large proportion of old people. And vice-versa: countries with a wider base in their population pyramids will get a better score in this dimension. The final effect will clearly depend on the relative differences in life expectancy values and population structures by age. One would also expect to find high correlation between LEB and LP in countries with a similar population structure. Figure 1 shows the population pyramids for six illustrative cases, whose life expectancy at birth is given in parentheses: Germany (80.9), Honduras (73.1), India (68), Japan (83.5), Nigeria (52.8), and United States (79.1). Comparing these data with the population structures in Figure 1 makes it clear that measuring life expectancy at birth or life potential is going to be very important regarding the picture we get from the relative situation of the different countries. In order to calculate the life potential we combine the data from two sources. The coefficient of variation is higher in the LEB (0.11) than in the LP (0.08), that is, countries are slightly more heterogeneous with respect to the life expectancy at birth than with respect to the life potential. The relative range of values (maximum minus minimum over the mean) for LEB is also larger in LEB (0.51) than in LP (0.37). We complete the comparison by showing that LP and LEB are not correlated at all (ρ = −0.05). 6 4 The groups are: [0,1], [2, 4] , [5, 9] , [10, 14] , ..., [95, 99] , [100,∞] . 5 For the LEB we have used the data provided by United Nations for 2015. 6 Even though the LP and the LEB are not correlated, when we restrict to particular areas like Europe we observe that both variables are related (ρ = 0.82). In Figure 2 each dot represents a country, whose colour depends on the continent to which the country belongs. The LEB is on the horizontal axis and the life potential is on the vertical one. The dashed lines indicate the mean of each variable. As we can observe, most of the European countries have very high life expectancy at birth but rather low life potential. This is because they have aged populations and, in many cases, their demographic structure looks like Germany in Figure 1 . The situation of Africa, for instance, is very different: almost all African countries are below the LEB mean, whereas most of them perform better than the world's LP average. Table 1 details the results for all the countries in the dataset. Countries are sorted according to its life potential. The fourth and fifth columns refer to their position in the ranking for the life potential and life expectancy at birth, respectively. As we can observe, the differences are important. Some of the European countries that perform really well with respect to the life expectancy at birth go down more than 100 positions in the LP ranking. Japan (first in LEB) is in the 146th position for LP, the biggest jump. On the opposite side, many American countries perform much better in life potential than in life expectancy at birth. Honduras, Guatemala, or Panama occupy top positions in the ranking, together with other countries of the Arabian peninsula like Oman or Jordan. The case of Israel is special, it seems to get a good balance between life expectancy at birth and life potential, performing significantly well in both measures.
Education: education potential.
The HDI measures educational achievements as the simple average of the mean years of schooling (MYS) and the expected years of schooling (EYS). The MYS is the average number of years of education received by people ages 25 and older, converted from education attainment levels using official duration of each level. The EYS is the number of years of schooling that a child of school entrance age is expected to obtain under the prevailing patterns of age-specific enrolment rates. We have already mentioned that using the simple arithmetic mean between both components amounts to disregarding the population structure. Note that the impact on the development capabilities of this variable depends very much on the share of people between 6 and 25 in the whole population.
We can apply here a similar approach to that used for the health variable and define the education potential by analogy. This would require computing the educational achievements of the different cohorts of people above 25 and estimates of the expected years of schooling of those between 6 and 24. Getting the data to compute this value is going to be extremely difficult, if not impossible, for many countries. Yet we can get a reasonable approximation. For those above 25 we keep the MYS as a good proxy of their achievements in education, while for the population below 24 we use a weighted version of the EYS (called WEYS), which takes into account the population structure and the school life expectancies within each of the three education levels (primary, secondary, and tertiary).
We explain now the construction of the WEYS. For a given country i, let us consider the following variables: 7
• EAP i : Entrance age to primary education (age)
• TDP i : Theoretical duration of primary education (number of years).
• TDS i : Theoretical duration of secondary education (number of years).
• SEP i : School life expectancy within primary education (number of years).
• SES i : School life expectancy within secondary education (number of years).
• SET i : School life expectancy within tertiary education (number of years).
• ERP i : Enrollment in primary education (number of students).
• ERS i : Enrollment in secondary education (number of students).
• ERT i : Enrollment in tertiary education (number of students).
From these, we can obtain other variables required for the computation of the WEYS.
7 For the MYS we have used the data from the United Nations in 2015. The rest of the variables are obtained from the dataset the UNESCO Institute for Statistics provided by the World Bank, and, for each country, they refer to the last available data in the database. As in the case of health, the data on the population are obtained from the US Census Bureau.
• EAS i : Entrance age to secondary education
• EAS i : Entrance age to tertiary education
• EYST i : Expected years of foreseen education of a person that starts the tertiary level.
• EYSS i : Expected years of foreseen education of a person that starts the secondary level.
• EYSP i : Expected years of foreseen education of a person that starts the primary level.
denotes the population of country i with ages between a and b, the weighted expected years of schooling (WESY) is given by:
To sum up, the WEYS is a proxy of the years of education an individual that ages between the school entrance age and 24 expects to get.
Following the same reasoning as in the previous section, we define the education potential as the weighted average of the educational achievements of people above 25 (the MYS) and the expectancy of those below 25 (the WEYS), with weights given by the corresponding population shares. This construct provides a much better measure of the impact of the changes in educational achievements as it implicitly incorporates a reference to the velocity with which those changes are going to spread. The formal expression of the education potential is:
In order to make a proper comparison between our proposal and the variables used by the United Nations, we construct the corresponding partial indices. Notice that we need those partial indices because, unlike the case of health, in the HDR the education component consists of two parts (MYS and EYS). Descriptive statistics for EYS, MYS, and EP.
As we did for the health component, Figure 3 illustrates the relationship between EI UN and EI. Each dot represents a country, whose color depends on the continent to which the country belongs. The EI UN is on the horizontal axis and the EI is on the vertical one. The dashed lines indicate the mean of each variable. Unlike the case of health, the two ways of measuring the education component exhibit a very high correlation (ρ = 0.97). Hence, European countries perform well in both indicators (they are above the average), while the achievements of Africa are poor for any of the measures (below the average in both cases). Countries both at the very top and at the very bottom do not exhibit big jumps, thus, in general, if they perform well or bad for one indicator they also do it for the other. But still, from a conceptual point of view, the EP is more consistent with the interpretation of the human development index as a measure of the current welfare of a society by means of the achievements of a presentative individual.
Income: GNI per adult
Our proposal regarding the variable to approach material wellbeing is taking the Gross National Income per adult, rather than per capita. This is a relatively simple way of incorporating the demographic structure when the information on the size and composition of households is not available for all countries. This approach has been successfully applied to the analysis of wealth distribution (see Shorrocks et al. (2015) ).
Making income or wealth comparisons between countries with different population sizes and structures puts always the question of how to choose the appropriate units of analysis. There is some consensus on the use households adjusted by size and composition by recurring to some equivalence scale (see Harttgen and Klasen (2012) for an application to the HDI). When information on households is not available, or membership cannot be clearly ascertained, or household structures are very different, one may consider preferable refer the analysis to the individuals, rather than to the households. The most common option is taking per capita values.
Using the adult population, instead of the whole population, seems preferable to us for two main reasons. First, because it permits taking into account in a very simple way the demographic differences. And second, because the command over the family resources is typically in the hands of the adults and the children have little decision power. There are not important changes in the ordering of countries when we substitute the GNI per capita by the GNI per adult, and the big jumps are scarce. This is far from unexpected, due to the large dispersion of those values. The details on these variables and their rankings are in Table 3 .
3 The alternative human development index.
In the previous section we have introduced the variables we propose to measure the achievements in each of the three dimensions that the HDI considers. Regarding health, we propose using life potential rather than life expectancy at birth. With respect to education, we consider suggest using the education potential, rather than the arithmetic mean between the means and the expected years of schooling. Finally, we opt to approach material wellbeing in terms of GNI per adult, without logs, rather than GNI per capita. Let us now present the closed formula of the Demographically Adjusted Human Development Index, DAHDI. DAHDI = LP 56 · EP 13 · log(GNIpa) log(85000) .
There are two aspects worth mentioning when comparing the DAHDI and the conventional HDI. First, that both measures share the same aggregation formula (a geometric mean). The advantage of the geometric mean vis a vis the arithmetic mean is already well established (see for instance Herrero et al. (2010) ). So, our proposal does not differ in this respect from the current HDI. Second, that both formulae differ in their normalisation strategies. As shown in Herrero et al. (2012) , the normalization applied in the HDI to health and income leads to significant drawbacks, mostly due to the use of lower bounds that may artificially alter the raking of the countries. We only use, therefore, the max values to normalize each variable. The numerical results and comparisons are detailed in Table 4 , where the first column is the country, the columns two, three, and four are for the partial indices of health HI = LP 56 , education EI = EP 13 , and income YI = GNIpa 85000 , respectively. The fifth and the sixth columns correspond to the DAHDI and the HDI. Finally, columns seven, eight, and nine describe the position of the country according to the DAHDI, the HDI, and the changes in the ranking.
Statistic
Our first finding is that the DAHDI and the HDI are ordinaly different. Beyond the mere observation of the changes in the orderings in Table 4 , both the Kendall's τ -test and the Spearman's ρ-test (with p-values smaller than 2.2 · 10 −16 in both cases) indicate that the introduction of the population structure in the human development index has a significant impact on the countries ranking. Note that there are countries such as Norway, Switzerland, USA, or Australia that perform quite well in both indices. Yet, there are other countries whose population structures impact more deeply in their human development. This is the case of Spain, Italy, and Greece (all of them in the south of Europe with many socio-economic similarities) that go down in the ranking more than 12 positions. Portugal is an extreme case, since it losses 39 positions, the biggest jump down. Figure 5 presents the distribution of the DAHID and the HDI, normalizing to one the highest value achieved by a country with each index. Note that here the same point in the horizontal axis may correspond to different countries, depending on the chosen index. The graphic shows a different picture of the distribution of the development levels, depending on the indicator. We observe that the relative level of human development of the most developed countries does not change very much from one to other indicator. Those countries with medium or low level of development, though, exhibit relevant differences. Also note that the DAHDI shrinks the distribution, with the result that the least developed country represents 47.6% of the most developed one, whereas in the case of the HDI this figure is a 36.8%. We plot in Figure 6 the cumulative distribution of both indices. We observe that the left and right tails are shorter for the HDI than for the DAHDI, which indicates that: (a) There are more countries with a poor performance in the HDI than in the DAHDI (absolute zeros excluded); and (b) Less countries achieve the highest level of human development with the HDI than with the DAHDI. This figure also illustrates that the distribution of values is more even (almost constant marginal increments) in the case of the standard HDI. 
Cluster analysis
We complete our study by classifying the countries into four different categories according to their level of human development, as the United Nations does. Yet, we follow Abad-González and Martínez (2016) and apply clustering techniques to this task, not imposing any a priory grouping (the Human Development Reports consider an exogenous classification). Generally speaking, clustering methods are based on identifying a partition of observations such that observations within each cluster or group are as similar as possible and observations between different clusters or groups are as dissimilar as possible. The results are in Tables 5 (for DAHDI) and 6 (for HDI) below.
We observe that the set oh high human development countries is much larger for the DAHDI than for the HDI whereas there are fewer medium development countries according to that indicator. The low tail of the distribution does not exhibit significant changes. Not surprisingly, some countries change of group. Portugal, for instance, moves from high development, according to the HDI, to medium development, according to the DAHDI. Other countries, such as Turkey or Cameroon, upgrade their category.
Final remarks
We have presented in this paper a new approach to the measurement of human development that is sensitive to the differences in the countries' demographic structures. The Demographically Adjusted Human Development Index (DAHDI), stems from the basic consideration that a welfare index that follows the capability approach should take into account the population structures, as it aims at capturing not only achievements but also possibilities. A summary inspection of the data shows that there are countries with similar achievements but with rather different balance of young and old people in their populations, thus confronting very different paths to keeping or improving welfare.
Our proposal is decidedly a very conservative one. Indeed, we suggest very minor changes to the current HDI in order to incorporate systematically the population structure in the evaluation. On the one hand, we keep the three key dimensions of human development (health, education and material well-being) and also maintain the aggregation formula (the geometric mean of the partial indices). On the other hand, the variables chosen to approximate those dimension are very close to the conventional ones. Regarding the health component, we move from Life expectancy at birth (LEB) to Life potential (LP); concerning education, we change the average between Mean Years of Schooling (MYS) and Expected Years of Schooling (EYS) by the Education Potential (EP). As for the material well-being variable, we simply substitute the GNI per capita for the GNI per adult, keeping logs in the evaluation. Finally, we slightly changed the normalization strategy to avoid some possible inconsistencies. This strategy reduces the informational cost of implementing this new indicator and makes it easier to compare it with the conventional HDI.
Needless to say, this is not the only way of introducing the demographic structure in the measurement of human development. Yet this is a consistent approach of doing it and it is to be interpreted as an initial platform to open the discussion on the role of the demographic differences in the evaluation. The empirical analysis presented shows clearly that even those relatively minor changes induce substantial alterations of the overall index. Demographers tend to consider three different population structures, in terms of the shape of the corresponding population pyramids. The first one is the expansive type, which corresponds to societies with larger shares of young people in the population. We can say, roughly speaking, that countries with expansive population pyramids do better in terms of LP than in terms of LEB, and obtain better scores with the new way of measuring human development. The contrary happens for those countries with constrictive population pyramids (something that can also be observed, with less intensity, for countries with near-stationary pyramids). The introduction of the population structure in the education variable has little effect (EP is highly correlated with EI), but its introduction has been made for consistency reasons (see Lutz and KC (2013) for a discussion).
Let us point out that this approach to human development helps paying attention to the consequences of an aging population. This does not mean that we consider that countries with older populations have less chances of economic progress or that countries with high fertility rates are better positioned. 8 Yet the shares of young and old people in the population are relevant variables for a sustainable development. Ignoring the existing differences in those variables provides a distorted view of human development, making some developed countries look artificially better.
Also note that this approach induces a positive view of immigration in those countries with constrictive population pyramids as it typically improves the share of young people in the population and the size of the labor force. Immigration may translate into positive effects for the recipient countries, both regarding LP and GNI per adult. 
